Molecular and morphological analyses indicate that a new upland species of the Cyrtodactylus sworderi complex, C. tebuensis sp. nov. from Gunung Tebu, Terengganu, Malaysia is most closely related to C. sworderi and together they form the sister lineage to C. quadrivirgatus. Cyrtodactylus tebuensis sp. nov. is differentiated from all other species of Sundaland Cyrtodactylus on the basis of having the unique combination of large, conical, keeled body tubercles; tubercles present on top of head, occiput, nape, and limbs, and extending posteriorly beyond base of tail; 43-51 ventral scales; no transversely enlarged, median subcaudal scales; proximal, subdigital lamellae transversely expanded; 17-21 subdigital lamellae on fourth toe; an abrupt transition between posterior and ventral femoral scales; enlarged femoral scales; no femoral or precloacal pores; no precloacal groove; body bearing four wide, bold, dark brown stripes (lateral stripe on each flank and a pair of paravertebral stripes); and a pairwise sequence divergence of 13.0% from its closest relative C. sworderi based on the mitochondrial gene ND2. Cyrtodactylus tebuensis sp. nov. is the first endemic upland species of gekkonid from northeastern Peninsular Malaysia and underscores the necessity for additional field work in all upland systems.
Introduction
The gekkonid genus Cyrtodactylus Gray, 1827 is a morphologically diverse lineage of geckos. Although most species are terrestrial to scansorial forest-dwelling forms characterized by large lidless eyes with vertical pupils and having slender, inflected digits expanded only at their bases, the remarkable number of adaptive types (ranging from leaf and bark mimics to obligate cave-dwellers) within Cyrtodactylus is commensurate with the rate at which new species are being described. The genus currently contains 159 species (see Uetz 2012; Grismer et al. 2012) with tens of new species being added annually (e.g., David et al. 2011; Grismer et al. 2012a; Iskandar et al. 2011; Ngo 2011; Oliver et al. 2011; Schneider et al. 2011; Shea et al. 2011) , and a number of these have been from Peninsular Malaysia. Of the 23 known species from Peninsular Malaysia and its associated islands, 17 of these have been added in only the last seven years (Chan & Norhayati 2010; Grismer 2005; Grimser & Leong 2005; Grismer & Norhayati 2008; Grismer et al. 2008a; Grismer et al. 2010; Grismer et al. 2012; Johnson et al. 2012; Rösler & Glaw 2008; Youmans & Grismer 2006) . The discovery of some of these new species was the result of expeditions into poorly explored regions and islands (Chan & Norhayati 2010; Grismer 2005; Grismer & Leong 2005; Grismer et al. 2008a Grismer et al. , 2010a Youmans & Grismer 2006 ) whereas others stem from molecular alayses of existing species indicating they were actually species complexes (Grismer et al. 2012a; Johnson et al. 2012) . (Grismer 2011; Grismer et al. 2007 ).
Despite the recent rapid uptick in herpetological studies and fieldwork in Peninsular Malaysia (see Grismer 2011 for a review), studies in the northeast, principally in the states of Kelantan and Terengganu, remained sparse and the only major peer-reviewed publication from this region was Dring's (1979) report on the herpetofauna of Gunung Lawit, Terengganu. To date, northeastern Peninsular Malaysia remains virtually unexplored from a herpetological standpoint with peer-reviewed literature from this region only appearing for selected taxa (i.e., Grismer et al. 2008b) . Joint expeditions between the School of Biological Sciences of Universiti Sains Malaysia and the Department of Biology at La Sierra University have been ongoing in various parts of the region since 2007. A summary report of these expeditions is in progress (Quah et al. in prep. ) and here we report on some of the findings of our most recent expedition in August of 2012 to Gunung Tebu, Terengganu (Fig. 1) . Here we collected five specimens of gekkonid lizards having the diagnostic characters of the genus Cyrtodactylus (see above). Although these specimens showed character state affinities to the sister species (Grismer et al. 2012b ) C. quadrivirgatus Taylor (Johnson et al. 2012) and C. sworderi (Smith) (Grismer et al. 2007 ) they could not be ascribed to either species or to any other known species of Cyrtodactylus. Additionally, they had genetic distances from C. sworderi and C. quadrivirgatus of 13.0 % and 18.6%, respectively, based on the examination 1,502 base pairs of the mitochodrial gene NADH dehydrogenease subunit 2 (ND2) and its flanking tRNAs. We therefore describe them below as a new species.
Materials and methods
Morphological analysis. Color notes were taken using digital images of living specimens prior to preservation. The following measurements on the type series were taken with Mitutoyo dial calipers to the nearest 0.1 mm under a Nikon SMZ 1500 dissecting microscope on the left side of the body where appropriate: snout-vent length (SVL), taken from the tip of snout to the vent; tail length (TL), taken from the vent to the tip of the tail, original or regenerated; tail width (TW), taken at the base of the tail immediately posterior to the postcloacal swelling; forearm length (FL), taken on the dorsal surface from the posterior margin of the elbow while flexed 90º to the inflection of the dorsiflexed wrist; tibia length (TBL), taken on the ventral surface from the posterior surface of the knee while flexed 90º to the base of the heel; axilla to groin length (AG), taken from the posterior margin of the forelimb at its insertion point on the body to the anterior margin of the hind limb at its insertion point on the body; head length (HL), the distance from the posterior margin of the retroarticular process of the lower jaw to the tip of the snout; head width (HW), measured at the angle of the jaws; head depth (HD), the maximum height of head from the occiput to the throat; eye diameter (ED), the greatest horizontal diameter of the eyeball; eye to ear distance (EE), measured from the anterior edge of the ear opening to the posterior edge of the eye ball; eye to snout distance (ES), measured from anteriormost margin of the eyeball to the tip of snout; eye to nostril distance (EN), measured from the anterior margin of the eye ball to the posterior margin of the external nares; interorbital distance (IO), measured between the anterior edges of the orbit; ear length (EL), the greatest horizontal distance of the ear opening; and internarial distance (IN), measured between the nares across the rostrum.
Additional character states evaluated on the type series and comparative material (Appendix) were numbers of supralabial and infralabial scales counted from the largest scale immediately anterior to the dorsal inflection of the posterior portion of the upper jaw to the rostral and mental scales, respectively; the presence or absence of tubercles on the anterior margin of the forearm; the number of paravertebral tubercles between limb insertions counted in a straight line immediately left of the vertebral column starting at the midpoint between the forelimb insertions and ending at the midpoint between the hind limb insertions; the number of longitudinal rows of body tubercles counted transversely across the center of the dorsum from one ventrolateral fold to the other; the number of longitudinal rows of ventral scales counted transversely across the center of the abdomen from one ventrolateral fold to the other; the number of subdigital lamellae beneath the fourth toe counted from the base of the first phalanx to the claw; the total number of precloacal and femoral pores (i.e. the contiguous rows of femoral and precloacal scales bearing pores are combined as a single meristic); the presence or absence of a precloacal depression or groove; the degree and arrangement of body and tail tuberculation; the relative size and morphology of the subcaudal scales; the presence or absence of a white network of lines forming a reticulum on the top of the head; color pattern on body and nape (i.e., striped, banded, or blotched); degree of striping on the flanks and their degree of contact with a postorbital stripe; and the presence or absence of wide, dark bands on an original tail.
Some of the information on character states and their distribution in other species was obtained from Chan & Norhayati (2010) , Das & Lim (2000 ), De Rooij (1915 , Dring (1979) , Grismer et al. (2008a) ; Hikida (1990) , Inger & King (1961) , Manthey & Grossman (1997) , Rösler & Glaw (2008) , Smith (1930), and Taylor (1963) . Additional specimens examined are listed in the appendix. Institutional abbreviations follow Sabaj-Pérez (2010), except we retain ZRC (Zoological Refernece Collection, Raffles Museum) for USDZ, following conventional usage. DWNP refers to the Department of Wildlife and National Parks Collection, Krau, Pahang, Malaysia; LSUHC refers to the La Sierra University Herpetological Collection, La Sierra University, Riverside, California, USA; and LSUDPC refers to the La Sierra University Digital Photo Collection.
Phylogenetic analysis. We obtained sequence data from a 1502 bp fragment of the mitochondrial NADH dehydrogenase subunit 2 (ND2) including the flanking tRNA's (Trp, Ala, Asn, Cys, Tyr) gene from six ingroup samples and 10 outgroup taxa based on Wood et al. (2012) (Table 1) . We obtained 25 additional ingroup taxa from Genbank based on Johnson et al. (2012) , Grismer et al. 2012b , and outgroup samples based on Wood et al. 2012 (see Tables 1 ). All new sequences are deposited in GenBank (Table 1 ) Total genomic DNA was isolated from liver or skeletal muscle specimens stored in 95% ethanol using the Qiagen DNeasy TM tissue kit (Valencia, CA, USA). ND2 was amplified using a double-stranded Polymerase Chain Reaction (PCR) under the following conditions: 1.0 µl genomic DNA, 1.0 µl light strand primer 1.0 µl heavy strand primer, 1.0 µl dinucleotide pairs, 2.0 µl 5x buffer, MgCl 10x buffer, 0.1 µl Taq polymerase, and 7.56 µl ultra-pure H 2 O. PCR reactions were executed on an Eppendorf Mastercycler gradient theromocycler under the following conditions: initial denaturation at 95°C for 2 min, followed by a second denaturation at 95°C for 35 s, annealing at 47°C for 35 s, followed by a cycle extension at 72°C for 35 s, for 31 cycles. All PCR pruducts were visulalized on a 10 % agarose gel electrophresis. Successful PCR products were vacuum purified using MANU 30 PCR plates (Millipore) and purified products were resuspended in ultra-pure water. Purified PCR products were sequence using the ABI Big-Dye Terminator v3.1 Cycle Sequencing Kit in an ABI GeneAmp PCR 9700 thermal cycler. Cycle sequencing reactions were purified with Sephadex G-50 Fine (GE Healthcare) and sequence on an ABI 3730xl DNA Analyzer are the BYU DNA Sequencing center. Primers used for amplification and sequencing are presented in Table 2 . For the phylogenetic analyses we applied a pluralistic approach using the character based method of Maximum Parsimony (MP) and two model-based methods, Maximum Likelihood (ML) and Bayesian Inference (BI). The Akakine Information Criterion (AIC) as implemented in ModelTest v3.7 (Posada & Crandall 1998) , was used to calculate the best-fit model of evolution for each codon position (Table 3) . Maximum Parsimony (MP) criteria and bootstrap estimates for nodal support was employed in PAUP* v4.0 (Swofford 2002) . One thousand bootstrap replicates for each heuristic search was run with ten random additional sequence replicates using tree bisection and reconnection (TBR) branch swapping. The 1000 bootstrap replicates were summarized as a 50% majority rule consensus tree. Maximum Likelihood analysis was performed using RAxML HPC v7.2.3 (Stamatakis et al. 2008) , 1000 bootstrap pseudoreplicates via the rapid hill-climbing algorithm (Stamatakis et al. 2008) . The Bayesian analysis was carried out in MrBayes v3.1 (Huelsenbeck & Ronquist 2001; Ronquist & Huelsenbeck 2003 ) using default priors. Two simultaneous runs were performed with eight chains per run, seven hot and one cold following default priors. The analysis was run for 2,000,000 generations and sampled every 200 generations from the Markov Chain Monte Carlo (MCMC). The analysis was halted after the average standard deviation split frequency was below 0.01. The program Are We There Yet? (AWTY) (Nylander et al. 2008 ) was employed to plot the log likelihood scores against the number of generations to assess convergence and to determine the appropriate number of burnin trees. We conservatively discarded the first 25% of the trees as burnin. A consensus tree was then computed from the two parallel runs using TreeAnnotator v1.6.1 (Drummond & Rambaut 2007) . Nodes that had posterior probabilities above 0.95 were considered significantly supported. 
Results
The molecular phylogeny (Fig. 2) supports the morphological data ( Table 4 ) and indicates that the Gunung Tebu population is neither Cyrtodactylus sworderi or C. quadrivirgatus and indicates it is the sister species of the former. The Gunung Tebu population has an uncorrected pairwise sequence divergence of 13.0% from C. sworderi and 18.6% from C. quadrivirgatus. This level of sequence divergence far exceeds that found between multiple species pairs in the C. pulchellus complex and C. majulah clade (Grismer et al. 2012a,b) . Based on this and the morphological data, we describe the Gunung Tebu population below as a new species and consider it, C. sworderi, and C. quadrivirgatus to comprise the C. sworderi complex. Diagnosis. Cyrtodactylus tebuensis sp. nov. can be distinguished from all other Sundaland species by having the following suite of character states: 73.1-84.1 mm adult SVL; large, conical, keeled body tubercles; tubercles present on top of head, occiput, nape, and limbs and extend posteriorly beyond base of tail; 43-51 ventral scales; no transversely enlrarged, median subcaudal scales; proximal subdigital lamellae transversely expanded; 17-21 subdigital lamellae on fourth toe; abrupt transition between posterior and ventral femoral scales; enlarged femoral scales; no femoral or precloacal pores; precloacal groove absent; and body bearing four wide, bold, dark brown stripes (lateral stripe on each flank and a pair of paravertebral stripes). The meristic characters are scored against C. sworderi and C. quadrivirgatus in Table 4 and against all other Sundaland species in Grismer et al. (2012b:Table 4) .
Description. Adult male SVL 79.1; head large moderate in length (HL/SVL 0.27) and width (HW/HL 0.63), somewhat depressed (HD/HL 0.41), distinct from neck, and triangular in dorsal profile; lores weakly inflated, prefrontal region slightly concave; canthus rostralis smoothly rounded; snout elongate (ES/HL 0.43) and rounded in dorsal profile; eye large (ED/HL 0.25); ear opening elliptical and small (EL/HL 0.06); eye-to-ear distance greater than diameter of eye; rostral subrectangular with a deep dorsomedial furrow containing a postrostral; rostral partially divided dorsally, bordered posteriorly by large left and right supranasals and one medial postrostrals (=internasal); external nares bordered anteriorly by rostral, dorsally by two supranasals (anterior one largest), posteriorly by five postnasals and ventrally by first supralabial; 11 (R, L) square supralabial scales extending to and tapering smoothly below posterior margin of orbit; 10,9 (R, L) infralabial scales tapering smoothly posteriorly to below posterior margin of orbit; scales of rostrum, lores, top of head, and occiput small and granular; scales on top of head and occiput intermixed with slightly enlarged tubercles; dorsal and ventral superciliaries rectangular; mental triangular, bordered laterally by first infralabial and posteriorly by left and right rectangular postmentals contacting medially for approximately 50% of their length posterior to mental; one enlarged row of sublabials extending posteriorly to 4-6th infralabial; gular scales small and raised, grading posteriorly into slightly larger, flatter, throat scales, and thence into large, flat, imbricate pectoral and ventral scales.
Body relatively short (AG/SVL 0.45) with weak, tuberculate ventrolateral folds; dorsal scales small and granular, interspersed with large, conical, regularly arranged, keeled tubercles; tubercles extending from top of head between eyes to anterior one-fifth of tail; tubercles on top of head, occiput, and nape relatively small, those on body largest; approximately 22 longitudinal rows of dorsal tubercles and 34 paravertebral tubercles; 44 flat, imbricate ventrals, ventrals much larger than dorsals; slightly enlarged patch of precloacal scales lacking pores; precloacal groove absent (Fig. 2) . Forelimbs moderate in stature, relatively short (FL/SVL 0.15); granular scales of forearm larger than those of body and interspersed with tubercles; palmar scales rounded; digits well-developed, inflected at basal interphalangeal joints; subdigital lamellae slightly enlarged proximal to joint inflections, digits narrower distal to joints; claws well-developed, sheathed by a dorsal and ventral scale.
Hind limbs more robust than forelimbs, moderate in length (TBL/SVL 0.18), covered dorsally by granular scales interspersed with larger tubercles and anteriorly by granular scales; ventral scales of femora flat and larger than dorsals; ventral tibial scales flat and imbricate; a single row of enlarged femoral scales extend from just proximal to the knee medially making contact with the large precloacal scales; femoral pores absent; dorsal and ventral femoral scales meeting abruptly on posteroventral margin of thigh; plantar scales low and slightly rounded; digits well-developed, inflected at basal interphalangeal joints; subdigital lamellae enlarged proximal to inflected joints, digits narrower distal to joints; 17 subdigital lamellae on right 4th toe; claws well-developed, sheathed by a dorsal and ventral scale.
Original tail widest at base, tapering to a point; dorsal scales on base of tail granular, becoming flatter posteriorly; no median row of transversely enlarged subcaudal scales; caudal scales arranged in semi-whorls; two enlarged tubercles at base of tail; base of tail with lateral, bulbous swellings in male; all postcloacal scales moderately sized, flat, and imbricate.
Coloration in life (Fig. 3) . Ground color of head, body, limbs and anterior portion of tail pale yellow; snout, top of head and eyes bearing light brown mottling; body bearing a wide, dark brown lateral stripe on each flank and a pair of dark brown paravertebral stripes beginning at the posterior margin of the eyes and extending posteriorly to the base of the tail; a longitudinal series of yellow spots occurs ventral to the dark lateral stripes; paired, dark brown triangular markings present on the nape followed by a dark brown, azygous irregularly shaped marking; brown irregularly shaped markings on limbs; 12 wide, dark brown to black caudal bands, anterior three bands irregularly shaped; five yellowish caudal bands anteriorly and seven white caudal bands posteriorly; all caudal bands encircle tail; anterior four yellowish bands contain dark blotching; all ventral surfaces beige except for soles of hands and feet and subcaudal region which are slightly darker; a small, single dark spot occurs in all ventral scales except those of tail.
Variation. The paratypes very closely resemble the holotype in all aspects of coloration (Fig. 4) . ZRC 2.6999 has more evenly edged lateral stripes than the holotype but the nape markings are more irregularly shaped as opposed to being triangular. The dark stripes in LSUHC 10903 are considerably more crenulated and the paravertebral stripes even make contact at various places. Meristc variation is presented in Table 5 . Natural history. All specimens were found active at night in primary hill dipterocarp forest (Fig. 5) on vegetation from 1.5-2 m above the ground including thin horizontal branches and the trunks of trees with their head facing towards as has been reported for their closest relative C. sworderi (Grismer et al. 2007) . Syntopic with this species is C. quadrivirgatus. LSUHC 10903 was a gravid female carrying two eggs.
Etymology. The specific epithet tebuensis refers to Gunung Tebu (Cane Mountain), in which the type locality is situated. FIGURE 5. Left: microhabitat in hill dipterocarp forest near the type locality of Cytrodactylus tebuensis sp. nov. Right: Trail along which the type series of C. tebuensis sp. nov. and C. quadrivirgatus were collected.
Discussion
As constituted here, the Cyrtodactylus sworderi complex comprises C. sworderi, C. tebuensis sp. nov., and C. quadrivirgatus. All are relatively robust, tuberculate, scansorial forest dwellers that collectively range from the Isthmus of Kra, Thailand southward through Peninsular Malaysia to Sumatra (Grismer 2011) but do not occur in Singapore (Grismer et al. 2012b ). This complex is characterized by species having the unique combination of 8-13 supralabials, 8-10 infralabials, 32-39 paravertebral tubercles, 28-51 ventral scales, 16-23 subdigital lamellae on the fourth toe, 0-15 precloacal pores, and a maximun SVL ranging from 71.0-80.1.
The unexplored areas of northeastern Peninsular Malaysia will undoubtedly prove to be a warehouse of a significant portion of Malaysia's herpetological diversity and, based on studies from other upland areas (i.e . Dring 1979; Grandison 1972; Grismer et al. 2010b and references therein) these mountain systems (collectively known as the Banjaran Timur) will harbor an untold number of yet to be discovered endemics. Current species of amphibians and reptiles known to range only in these systems are Kalophrynus robinsoni Smith, Psedocalotes dringi Hallermann & Böhme, Cnemaspis argus Dring, Sphenomorphus cophias Boulenger, Macrocalamus vogeli David & Pauwels and to this list we add Cyrtodactylus tebuensis sp. nov. Additionally from Gunung Tebu, we collected a new species of the bufonid Ansonia Stoliczka, the megophryid Leptolalax Dubois, and the colubrid Pseudorhabdion Leviton & Brown whose descriptions are in progress. Dring (1979) reported on an extensive herpetofaunal survey from Gunung Lawit, Terengganu approximately 10 km due south of Gunung Tebu in the same mountain range. Curiously, his team found no Cyrtodactylus tebuensis sp. nov. but found C. quadrivirgatus (identification confirmed here LSUDPC 6715-24) to be relatively common from 43-790 m in elevation. This is similar to our findings in that we found C. quadrivirgatus on Gunung Tebu from 30 m to nearly 700 m in elevation. This could indicate that C. tebuensis sp. nov. is more localized than hypothesized above. In any event all these data underscore the unexplored nature of these upland systems and need for additional field work.
